The large capacity load transfer of distribution network in normal operation mode can be divided into two classes, time transfer and space transfer. The characteristics are given and the optimization thought and methods are proposed. In view of the space transfer, the optimization of the overall network structure is the main method in the planning, and the operation mode optimization is the main method in the distribution network operation. The methods of distribution network planning and operation optimization adapted to the large capacity load transfer are proposed. In view of the time transfer, energy storage, new load and other technical means can be used to shift peak load to improve the load rate of the distribution network.
INTRODUCTION
In recent years, with the improvement of people's living standard and the rapid increase of power load, the peak-valley difference of the grid load is increasing. At the same time, the large-scale renewable energy connected to power grid, such as randomness, volatility and non-schedulability, leads to the problem of peaking of power grid more prominent which brings about a series of difficulties for power dispatching. Distribution load is flexible and changeable. Much load shows a larger volatility and transfer, which brings great challenges to the planning and operation of distribution network. It is needed to research the impact of large capacity load transfer on distribution network planning and operation mode, and the adaptability of distribution network will be improved.
On the one hand, because of the large load transfer and volatility, the load rate of some transformers vary greatly, which can reach more than 50% or even higher. The planning and construction of distribution equipment are at present in accordance with the peak load. But the peak load duration is short, which leads to low utilization ratio of the distribution equipment resulting in waste of investment. On the other hand, with the development of the ________________________ city, the resource of planning land and passageway become increasingly tense; it is more difficult to obtain the new substation and feeder corridor. New planning methods should be researched to optimize the current distribution network and the operation mode in order to improve the ability to accept load of the current grid.
The load transfer capability of distribution network in the case of fault and maintenance has been studied in the literature [1] [2] [3] [4] [5] . Wide range of load transfer optimization strategy and method for the fault in distribution network were presented in references [1] [2] [3] [4] . The optimal load transfer path for distribution network maintenance was researched in reference [5] . According to the analysis of load characteristics, the distribution network indexes under different load characteristics are studied in references [6] [7] [8] [9] . The method of peak load shifting and improving load balance of distribution network were studied in references [10] [11] [12] . However, the research on the large capacity load transfer of distribution network in normal operation mode has not been carried out. This paper will study this problem.
CHARACTERISTICS OF LARGE CAPACITY LOAD TRANSFER OF DISTRIBUTION NETWORK
The large capacity load transfer of distribution network can be described in the following two characteristics:
(1) The load fluctuation of distribution network in a region is large (such as a substation, a line). It can be considered the daily load fluctuation is large when the daily load rate is below 70% or the daily peak-valley difference rate is above 50%. It is can be considered the load fluctuation of quarter is large when the load rate of quarter is below 70% or the maximum annual peak-valley difference rate is above 50%. The first characteristic of large capacity load transfer of distribution network is as shown in Figure 1 .
(2) The load characteristic of the distribution network in the region (such as a certain substation and a certain line) are complementary to those of the distribution network in the adjacent region. The system load rate should be increased by more than 10% or the peak-valley difference should be reduced by 10% after the load curve is superimposed at different time points. The second characteristic of large capacity load transfer of distribution network is as shown in Figure 2 . 
ANALYSIS OF LARGE CAPACITY LOAD TRANSFER OF TIANJIN DISTRIBUTION NETWORK
220kV substation group, 35kV substation group and 10kV line group are selected for load characteristics analysis. According to the definition of large capacity load transfer in distribution network, the load transfer characteristics of 220kV substation, 35kV substation and 10kV line of Tianjin distribution network are analyzed.
(1) Load transfer characteristics of 220kV substation are shown in Table 1 . Table 1 shows that the initial annual load rate of 220kV substations in the first group and the third group is less than 70%, the load fluctuates greatly and satisfies the feature 1. After the superposition of the load curves of the three groups, the improving proportion of annual load rate is below 2%, which does not satisfy the feature 2. Therefore, the load transfer nature of the first group and the third group substations is the time transfer, and the second group of substations do not have the nature of large capacity load transfer.
(2) Load transfer characteristics of 35kV substation are shown in Table 2 . Table 2 shows that the initial annual load rate of 35kV substations in the three groups is less than 70%, daily peak-valley difference is more than 50%, and the load fluctuates greatly and satisfies the feature 1. After the superposition of the load curves of the three groups, the improving proportion of annual load rate is below 5%, which does not satisfy the feature 2. Therefore, the load transfer nature of the 35kV substations in the three groups is the time transfer.
(3) Load transfer characteristics of 10kV line are shown in Table 3 . We can make some conclusions from Table 3. 1) The initial daily load rate of 10kV lines in the East District is less than 70%, daily peak-valley difference is more than 60%, and the load fluctuates greatly and satisfies the feature 1. After the superposition of the load curves in the East District, the improving proportion of annual load rate and daily load rate (winter) is above 10%, which satisfies the feature 2.
2) The initial daily load rate (winter) of 10kV lines in the South District is less than 70%, daily peak-valley difference is more than 40%, and the load fluctuates greatly and satisfies the feature 1. After the superposition of the load curves in the South District, the improving proportion of annual load rate and the reducing proportion of daily peak-valley difference (winter) is above 10%, which satisfies the feature 2.
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3) The initial daily peak-valley difference of 10kV lines in the West District is more than 50%, and the load fluctuates greatly and satisfies the feature 1. After the superposition of the load curves in the West District, the improving proportion of daily load rate (summer) and the reducing proportion of daily peak-valley difference is above 10%, which satisfies the feature 2.
Therefore, the load transfer nature of the 10kV lines in the three groups is the space transfer.
(4) Based on the above analysis results, the load transfer of the substation in Tianjin distribution network is the time transfer, and the load transfer of the 10kV line is the space transfer.
OPTIMIZATION METHOD ADAPTED TO LARGE CAPACITY LOAD TRANSFER OF DISTRIBUTION NETWORK Optimization Idea
In order to adapt to the large capacity load transfer and improve the utilization of assets, it is essentially to increase the load rate, increase the light load and reduce the peak load, which is peak load shifting. In view of the large capacity load transfer in space, it mainly focuses on the overall optimization of the grid structure of the distribution network in the planning, which enables the distribution network to have greater load transfer capability. It mainly focuses on the optimization of the operation mode in the operation. In view of the large capacity load transfer in time, it can increase the load rate of the distribution network by adopting the energy storage devices, the new load and other technical means.
The optimization idea adapted to large capacity load transfer of distribution network is shown in Fig.3 . (1) Planning optimization The load transfer line group is taken as a unit. Under the condition of determined substation and network structure, the number and position of the switches on the line in the group is adjusted. The line where the existing load located is modified to finally form a scheme that meets the N-1 security and load balancing.
(2) Operation mode optimization In view of the large capacity load transfer in space, based on the grid structure after the optimal planning, according to the real-time load of 10kV lines in distribution network, the supply path can be changed by adjusting different combinations of contact switches and segment switches. The problem is similar to network reconfiguration of medium voltage distribution network considering the load balance.
(3) Application of energy storage devices In view of the substations with load transfer characteristics in time, the energy storage system with appropriate capacity can be configured. The energy storage system has the excellent performance of peak regulation which can save the light power of the system. (4) New load utilization The thermal storage technology, electric vehicles and other new types of loads are used to shift the peak load. Both the thermal storage and cold storage technologies store electrical energy during the low period of electricity consumption and release the stored energy during the peak period so as to achieve the purpose of shifting the peak load and increase the load ratio in summer and winter. Electric vehicles are charged at night which can effectively improve the low valley load, reduce peak-valley difference.
Optimization Planning Method
(1) Objective function The balance degree of 10kV line load factor is taken as the objective method. The standard deviation of 10kV line load factor is defined as the balance degree of line load factor which is used to represent the difference in the 10kV line load factor in a group. The optimization planning model is shown as follows: (2) Optimization planning process Optimization planning process adapted to large capacity load transfer of distribution network is as shown in Figure 4 . The process mainly includes:
1) The characteristics, load characteristics, line direction and grid structure of each 10kV line in the area are analyzed, and the load transfer line group is divided.
2) Based on the load transfer line group, according to the daily load curve of the maximum load day in summer and in winter, the maximum load time of each 10kV line and line group is determined, and the load values at the corresponding time are determined.
3) According to the direction of the 10kV line in the group, the position of the section switch and the interconnection switch and the distribution of the load, the upper limit of the cutting load between any two 10kV lines is determined.
4) Based on the load value of each 10kV line at the selected moment, the load of each 10kV line after the load transfer is calculated by using the optimization planning model. 5) Based on the above load distribution results, according to the direction of the 10kV line in the group, the position of the section switch and the interconnection switch and the distribution of the load, we can get the location and quantity of the new switches, and form the optimized grid structure. 
Optimization Method of Operation Mode
(1) Objective function A group of load transfer lines is taken as a unit, based on the determined distribution network structure, by changing the state of the interconnection switch and the section switch, a scheme of load balancing within the group is finally formed. The optimization model is shown as follows: (2) Optimization process of operation mode Optimization process of operation mode adapted to large capacity load transfer of distribution network is as shown in Figure 5 .
The process mainly includes: 1) The load imbalance rate of all lines is calculated according to the result of the power flow calculation.
2) The load imbalance rate of feeder pair is arranged in descending order.
3) The feeder pair with the maximum imbalance rate is selected to be optimized and marked.
4) Determine whether the position of the interconnection switch is changed or not. If there is a change, go to the next step; if there is no change, go to the sixth step.
5) Search all the interconnection switches directly connected to the reconstructed lines. The feeder pair corresponding to the interconnection switch is re-calibrated to be optimized and the load imbalance rate is recalculated.
6) Determine whether all the feeders have been optimized. If there are feeder pairs needed to be optimized, go to the third step. If all the feeder pairs are optimized, the optimization process is finished and the optimization results are given.
